This paper studies the business cycle implications of entry costs in a dynamic stochastic general equilibrium model with …rm entry and nominal rigidity. Simulations show that my baseline model matches the dynamics observed in the data fairly well. Remarkably, it overcomes the well-known di¢ culties of business cycle models in reproducing the persistence, smoothness and cyclicality of macroeconomic aggregates. I stress that capital entry costs are essential for these results.
Introduction
A novel line of research has stressed the role of endogenous …rm entry and creation of new varieties in propagating business cycle ‡uctuations. 1 Some authors, as Bilbiee et al. (2007, 2012) and Ghironi and Mélitz (2005) , focus on labor costs in the spirit of Grossman and Helpman (1991) and Romer (1990) . In these models, start-up activities require labor inputs and entry costs coincide with labor marginal costs. Others, as Bergin and Corsetti (2008) and Cavallari (2012) , assume investors need to buy materials (investment goods) for setting up a new …rm, so that entry costs vary with their price. How to model entry costs is an open question. It has implications for aggregate accounting.
Labor costs imply a wedge between output of the consumption sector and GDP that is absent in models with investment goods. More importantly, it may a¤ect the mechanism of business cycle transmission. Investigating these issues is the main objective of this paper.
Entry costs are akin to investment costs in standard (…xed-variety) business cycle models. As for traditional models, there is some debate on the form of these costs. Speci…cally, the theoretical discussion is on the composition of investment/entry costs and the extent to which these are subject to nominal frictions. Regarding the former aspect, Cavallari (2012) shows that a tradable component in entry costs is essential for generating positive comovements in the international business cycle as those observed in the data. In this model, terms of trade movements spread the bene…ts of a productivity rise worldwide by creating new investment opportunities in high and low productivity economies. This weakens the incentive to move resources to the most productive economy at the root of the "comovement puzzle"in standard business cycle models.
Recent studies address the question of the role of nominal frictions in models with …rm entry (see Bergin and Corsetti (2008) , Lewis and Poilly (2012) and Uuksüla (2010), among others). Using US data on net business formation, they provide evidence of a negative relation between nominal interest rate innovations and investments in new …rms (the so-called extensive margin). 2 This paper contributes to the debate on entry costs along two dimensions. First, it provides a uni…ed framework nesting capital and labor entry costs. Second it studies the implications of 1 A non-exhaustive list of contributions includes: Bilbiee et al. (2007, 2012) , Colciago and Etro (2010) , Ghironi and Mélitz (2005) , Bergin and Corsetti (2008) , Jaymovich and Floetotto (2008) , Lewis (2009) , Cavallari (2007 Cavallari ( , 2010 and Russ (2007) . 2 Models with capital entry costs and sticky prices, as Bergin and Corsetti (2008) , deliver theoretical responses in line with estimated responses. With labor entry costs, as in Uuksüla (2010), instead, limited participation models perform better than sticky price models in reproducing the response of investments observed in the data.
varying the composition of entry costs for the propagation of a broad range of business cycle shocks.
Speci…cally, I will focus on productivity, government spending and monetary policy innovations.
As is common practice in endogenous entry models, producers are subject to a sunk entry cost, a one-period production lag and an exogenous exit shock. Each of them produces a unique variety in a monopolistic competitive market and sets the price of his product subject to nominal rigidity à la Calvo (1983) . Financial markets are complete. In departing from previous contributions, I assume that the start-up of a new …rm requires a combination of labor and capital, so that entry costs depend on the price of both investment goods and labor marginal costs. I will take an agnostic approach and investigate the performance of the model at replicating macroeconomic dynamics under alternative assumptions on the composition of entry costs.
Simulations show that my baseline model matches the dynamics observed in the data fairly well. Remarkably, it overcomes the well-known di¢ culties of business cycle models in capturing the persistence, smoothness and cyclicality of macroeconomic variables. I stress that the performance of the model is not robust to varying the composition of entry costs. In particular, allowing for a di¤erent composition of the investment and consumption baskets is essential for replicating the dynamics in the data. The intuition is that changes in the relative price of investment goods play an important role in the model, approximating the pro…t opportunities faced by potential investors over the cycle.
Comparing macroeconomic dynamics under various compositions of entry costs reveals interesting insights. Counter-cyclical entry costs, as those implied by a sticky-price model with investment goods, help to provide theoretical responses close to the estimated ones. Labor entry costs, on the contrary, have a pro-cyclical behavior that induces a positive response of new …rms to interest rate and government spending innovations in contrast to what observed in the data. 3 In order to see why, consider an increase in the nominal interest rate that raises the real return on assets (bonds and shares). With labor entry costs, the rise in the return on shares requires a fall in today's price of equity relative to tomorrow's. The monetary tightening, in fact, restrains labor demand, thereby reducing real wages and entry costs. Consequently, more …rms enter the market.
The presence of capital entry costs works in the opposite direction. Insofar as a drop in aggregate demand is accompanied by a gradual decline in in ‡ation, today's price of investment goods is above tomorrow's price, discouraging investments in new …rms.
The remainder of the paper is organized as follows. Section 2 presents the model and discusses the solution strategy. Section 3 illustrates the performance of the model in reproducing the dynamics in the data. Section 4 contains conclusive remarks.
The economy
The economy is populated by a continuum of agents of unit mass indexed by i. Firms are monopolistic competitors, each producing a unique variety j 2 (0; N ), where N is both the number of …rms and the range of available varieties.
A typical agent supplies H t hours of work each period for the nominal wage W t and maximizes inter-temporal utility
where C is consumption and the subjective discount factor. The period utility is the additive-separable function
' ;with > 0 and ' 0. The consumption basket takes the form
The corresponding price index is
.
Producers face an identical linear technology in the labor input y t (j) = Z t H t (j), where Z is an aggregate shock to labor productivity. In each period, in addition to incumbent …rms there is a …nite mass of entrants, N e : As in Ghironi and Mélitz (2005) , all …rms entered in a given period are able to produce in all subsequent periods until they are hit by a death shock, which occurs with a constant probability 2 (0; 1) :
In order to start the production in period t + 1, at time t an entrant needs to pay an exogenously given sunk entry cost f e : In departing from previous contributions, I assume that the creation of a new …rm requires a combination of labor and capital inputs f e N e t = (K t ) 1 (Z t H t ) where capital is given by a composite basket of investment goods
and 2 (0; 1): Entry costs are therefore given by , covers entry costs. The free entry condition is given by:
The free entry condition holds as long as the mass of entrants in positive. Macroeconomic shocks are assumed to be small enough for this condition to hold in every period. Note that upon entry …rms' pro…ts are time-varying and can even turn negative for a while. This is a key di¤erence relative to early models of frictionless entry, where the absence of sunk costs leads pro…ts to zero in every period (see Rotemberg and Woodford (1991) and Blanchard and Giavazzi (2003) , among others). The timing of entry and the one-period production lag imply the following law of motion for producers:
I assume complete …nancial markets. Agents can invest their wealth in a set of nominal statecontingent government's bonds, B; that span all the states of nature . In addition to bonds, they hold a share s of a well-diversi…ed portfolio of …rms. The budget constraint of a typical agent i is given by:
where q is the bond price and T are lump sum taxes.
Finally, the government …nances an exogenous stream of expenditures fG t g 1 t=0 which has the same composition of the consumption basket by collecting taxes and issuing state-contingent debt.
The period t government budget constraint is:
2.1 Equilibrium conditions
Consumers
Consumers'…rst order conditions are given by:
Firms
Each producer sets the price for its own variety facing a downward-sloping market demand:
I introduce nominal rigidities à la Calvo (1983) . In each period a …rm can set a new price with a …xed probability 1 which is the same for all …rms, both incumbents and entrants, and is independent of the time elapsed since the last price change. In every period there will therefore be a share of …rms whose prices are pre-determined. 4 Each …rm sets the price for its own variety so as to maximize the present discounted value of future pro…ts, taking into account market demand and the probability that she might not be able to change the price in the future, yielding:
The above expression can be re-arranged in a more familiar form as:
Clearly, when = 0 optimal pricing implies a constant markup 1 on marginal costs at all dates.
With > 0, prices respond less than proportionally to a marginal cost shock, implying time-varying pro…t margins.
Aggregating (11) across …rms and using the welfare-based consumer price index yields the Calvo state equation corrected for …rm entry:
Note that an increase in the number of producers over time reduces aggregate consumer prices and the more so the higher the elasticity . 5 This is a consequence of love for variety: a wider range of varieties raises the value of consumption per unit of expenditure, implying a fall in aggregate prices.
An analogous state equation holds for the price of investment goods P K :
Aggregate constraints
GDP is de…ned as
where the …rst addend is output of existing goods (used as consumption or investment goods) while the second is output devoted to the creation of new varieties. 6 As is apparent in the expression above, entry cost speci…cation has relevant consequences for aggregate accounting. The presence of labor entry costs (i.e. 6 = 0) implies a wedge between output of the consumption sector and GDP that is absent in the model with only investment goods (i.e. = 0). Goods market clearing requires output to equalize aggregate demand,
i.e. Y t = C t + G t + N e t t . Labor market clearing implies:
The model is closed by specifying a monetary policy rule. I assume the monetary instrument is the one-period risk-free nominal interest rate, i t , and monetary policy belongs to the class of feedback rules.
The log-linearization
The model has no closed-form solution. It is log-linearized around a symmetric steady state with zero in ‡ation (details in the Appendix). In the steady state, stochastic shocks are muted at all dates,
The Euler equation for bond holdings is given by: 5 The point was originally made by Mélitz (2003) . 6 It is immediate to realize that GDP is the sum of labor and pro…t income, Y t = W t H t + d t N t ; consistently with the NIPA de…nition.
where a hat over a variable denotes the log-deviation from the steady state, t+1 = ln P t+1 =P t is in ‡ation and E is the expectation operator. In (14) , an increase in the real interest rate raises the return on bonds, therefore making it more attractive to postpone consumption in the future.
The Euler equation for share holdings is:
Arbitrage in …nancial markets equalizes the real returns on shares and bonds at all times.
Labor supply is given by:
Using the de…nition of GDP and the labor market equilibrium (13) , it is convenient to derive an aggregate production function b
t where b P t;t ln P t (j)=P t is the real price of each variety (in log-deviation).
Consider now the optimal price (10). Using market demand and (8), re-arranging and linearizing
gives:
Note that by de…nition b
t+s ; namely changes in the relative price of a variety over time are given by the so-called variety e¤ect, the …rst addend, less in ‡ation. Using (12) , the variety e¤ect is:
With = 0; an increase in the number of producers raises the relative price of each variety and the more so the lower the elasticity of substitution . This e¤ect is dampened with > 0: Combining the two equations above and re-arranging gives the new-Keynesian Phillips curve corrected for …rm entry:
where
: An analogous expression holds for in ‡ation in the investment sector,
where replaces . A log-linear approximation to the number of entrants is obtained from the aggregate resource constraint:
b
Note that there is a trade-o¤ between investments in new varieties and consumption of existing goods (the coe¢ cient on C and G is negative). The law of motion of …rms is:
Optimal pricing (10) together with the de…nition of aggregate markup
dj yield a useful expression for markups:
Markups rise above the steady state level so long as variety prices grow more rapidly than in ‡ation.
As will be apparent soon, markup movements play a key role in the model. To begin with, they a¤ect the expected dividends from investing in a new …rm, in ‡uencing entry behavior through the free entry condition (1) . A change in the stock of producers, in turn, modi…es the allocation of resources between production of existing goods and creation of new varieties. The dynamics of these e¤ects crucially depends on entry cost speci…cation. In a model where entry requires only capital inputs (i.e., with = 0) employment is entirely devoted to the production of existing goods while the creation of new varieties entails a one-period production lag. The allocation of resources between production of existing goods and creation of new varieties is therefore predetermined in each period. This is clearly not true when labor inputs are used in the production of new varieties.
With 6 = 0; the model is isomorphic to a two-sector economy where one sector produces existing goods and the other sector creates new varieties. The labor market clearing condition (13) then determines the allocation of resources between these two sectors at each time. In log-deviations this yields:
The condition above is redundant when = 0. In order to see why, consider aggregate markups.
It is immediate to verify that they coincide with the inverse of the labor share,
, so long as = 0,
implying 
Simulations
The model is simulated using …rst-order perturbation methods. Business cycle volatility is driven by productivity and government spending shocks.
Calibration
The model is calibrated to the United States. In the simulations, periods are interpreted as quarters 
Moments
To evaluate the properties of the model, this section computes the second moments of key macro- In comparing the model to properties of the data, theoretical variables are divided by the relative price P (j) t =P t so as to net out the e¤ect of changes in the range of available varieties (for any variable X the corrected measure will be X R t = P t X t =P (j) t ). As stressed by Ghironi and Mélitz (2005) , the correction is necessary because statistical measures of CPI in ‡ation are unable to adjust for availability of new products as in the welfare-based price index. In the model, investments are measured by the real value of household investments in new …rms ( R N e ). The baseline model matches the dynamics observed in the data fairly well. 9 Remarkably, it overcomes the well-known di¢ culties of standard business cycle models in capturing the persistence, smoothness and output correlation of macroeconomic variables. In this respect it fares better than the BGM model as well. Additionally, my model replicates the synchronization of output and markups. Markups, however, are far more counter-cyclical than in the data. and too low volatilities for hours and markups (equal to 0.28 and 0.22, respectively). The reason is easy to grasp. With …xed entry costs, a rise in aggregate productivity implies a higher productivity in the sector that produces existing goods. Agents have therefore a strong incentive to move resources towards current production, by smoothing labor e¤ort over time. 12 Di¤erences in the composition of the consumption and investment baskets are therefore essential for mitigating this incentive and reproducing the dynamics of investments observed in the data.
Impulse responses
Up to now, I have shown that the performance of the model may not be robust to varying the composition of entry costs. In this section, I will investigate the mechanism of business cycle transmission in more detail so as to provide further insights on the role of entry costs. For ease of comparison with other contributions in the literature, I will focus on the polar cases of only labor and only capital entry costs. and GDP raise above the steady state. Note that markups are counter-cyclical as observed in the data. 13 In my setup, the behavior of markups is a consequence of …rm entry moving aggregate prices and marginal costs in opposite directions. On the one side, an increase in the number of producers, by pushing on labor and investment demand, raises marginal costs. On the other side, it reduces aggregate prices through the variety e¤ect.
Comparing the responses in the two scenarios considered reveals notable di¤erences. First, investments in new …rms exhibit a hump-shaped pattern when entry requires capital inputs (similar to what observed in the data) that is absent with labor entry costs. The hump re ‡ects opposing forces at work over the cycle. The productivity rise reduces the price of investment goods in the …rst part of the transition, i.e. P K falls short of P . Over time, as the real return on assets diminishes, this relation inverts and investments in new …rms become negative for a while before converging to the steady state. With labor entry costs, instead, the value of the …rm b t declines in a gradual way.
Labor marginal costs fall in proportion to the productivity rise on impact and then monotonically increase under the pressure of labor demand.
Secondly, investments in new …rms are much less volatile with labor entry costs, in line with 13 Studies based on di¤erent methodological approaches converge on the view that markups are counter-cyclical in major economies. In the US, this is indeed the case for studies using mostly aggregate data as Rotemberg and Woodford (1999) as well as two digit industry level data as in Bils (1987) . This is consistent with evidence of a very low value for the multiplier of government spending in the United States in line with a general tendency among OECD economies. 14 At odds with this evidence, the multiplier is above unity in the variant with labor entry costs.
A low …scal multiplier is a consequence of crowding out of private expenditure. In the model with investment goods, both consumption and investments decline. In order to see why, consider The …ndings above suggest that the composition of entry costs and particularly the extent to which these costs are subject to nominal rigidity may alter the mechanism of business cycle transmission. It is therefore worth illustrating the monetary transmission at work in the model in more detail. For this purpose, I consider a purely temporary 1 standard deviation drop in the nominal interest rate (see Figure 3) .
The monetary easing boosts aggregate demand as long as prices are sticky, leading to a spike in consumption. Over time, as prices slowly return to their natural levels, consumption converges to the steady state. The dynamics of consumption, in ‡ation and markups is almost identical in the two speci…cations considered. The rise in consumption re ‡ects a drop in the real interest rate, i.e.
a drop in the return on bonds. Arbitrage in …nancial markets requires the real return on shares to fall as well. The decrease in the real return on shares is brought about by a fall in the return (b t+1 + d t+1 ) relative to today's price of equity b t . How this is accomplished crucially depends on entry costs speci…cation.
The price of equity is tied to the cost of acquiring investments goods by the free entry condition
(1) in the model. In the variant with investment goods, this cost is b t = b P K t b P t . As goods prices adjust only gradually with nominal frictions, today's cost of equity falls relative to tomorrow's, favoring investments in new …rms. This e¤ect is stronger the higher the elasticity of substitution in the investment sector relative to that in the consumption sector . In the model with labor entry costs, instead, the price of equity is tied to labor marginal costs, i.e. b t = c W t b P t b Z t . Under the pressure of labor demand, these costs rise and eventually o¤set the positive impact of in ‡ation. As a consequence, investments in new …rms slightly decline on impact.
Conclusions
This paper studied the implications of entry costs for the propagation of business cycle ‡uctuations.
Building on a dynamic stochastic general equilibrium model with …rm entry and nominal rigidity, it compared the performance of the model in replicating the dynamics in the data under various assumptions on the composition of these costs.
Simulations show that my baseline model matches the dynamics observed in the data fairly well. Remarkably, it overcomes the well-known di¢ culties of business cycle models in reproducing the persistence, smoothness and output correlation of macroeconomic aggregates. I stress that the performance of the model is in general not robust to varying the composition of entry costs.
Speci…cally, allowing for time-varying capital entry costs turns essential for reproducing the dynamics in the data.
Furthermore, capital entry costs help to replicate responses to productivity, interest rate and government spending innovations close to those estimated. The performance of the model deteriorates also along this dimension when entry costs exclusively require labor inputs.
Appendix

Steady state
The model is solved in log-deviation from a symmetric steady state equilibrium without in ‡ation:
Assuming Z = G = 1, the steady state of the economy is such that: 
Loglinear model
Loglinearized conditions for households are:
Loglinearized conditions for …rms are:
b t = (1 ) b P t;t+1 b P t;t + E t t+1
where M C denotes an index of current marginal costs de…ned by the term in squared brackets in equation (17) in the main text.
Other log-linear equilibrium conditions are:
The model is closed with the interest rate rule indicated in the text.
